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ABSTRACT 
Diver-fishermen volunteering provided an early and fast response to detect the presence of the invasive Indo-Pacific lionfish 
(Pterois volitans/miles) in the Alacranes Reef National Park (ARNP), in the southern Gulf of Mexico. Lobster diver-fishermen are 
now actively collaborating voluntarily not only to collect lionfish, but also for recording basic information from the collection sites.  
Specially designed workshops were applied to 95 fishermen during July 2010 for presenting them information on the morphology of 
the fish, invasion chronology to the Western Atlantic, and potential threats to commercial fishes and human health; plus instructions 
on how to collect samples. From July 2010 to February 2011, 31 diver-fishermen caught about 258 lionfish. Up to now, a database 
which includes collection site, depth, date, bottom type, and additionally size of fish, would allow us to build a chronological 
sequence of the invasion from ARNP based on collections from fishermen. The participation of lobster diver-fishermen was 
promoted through the Conservation and Sustainable Development Program (PROCODES) from the Comisión Nacional de Áreas 
Naturales Protegidas (CONANP). This outreach initiative represents a major step forward to elaborate a management link between 
fishermen, managers and academia in order to deal with the lionfish invasion. Data generated from this initiative provided a valuable 
baseline resource and continually updated monitoring information, and may also represent the first decisive effort in early detection 
and mitigation of lionfish in the northern coast of the Yucatan Peninsula. 
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INTRODUCTION 
Local community participation is increasingly being considered by scientists in management programs and for the 
monitoring of natural resources and marine protected areas as well. The reason of considering this participation stems on the 
valuable access to the local ecological knowledge of a given habitat or area (Almany et al. 2010). The association’s 
researcher-local community has provided sound strategies to address social and environmental issues linked to conserva-
tion. This is noted in the Philippines where the local community participation is considered within the management of 
protected areas (Dangles et al. 2010), the monitoring of macro-invertebrates by citizens in various cites in US (Nerbonne 
and Nelson 2004) and monitoring by recreational divers to determine the distribution of seahorses in Italy (Goffredo et al . 
2004). In the US, the Audubon Society has organized bird counting for more than 100 years in order to determine bird 
distribution. These experiences are very valuable for scientists who can count on more people for sampling, and the people 
gain experience at the same time (Delaney et al. 2008).  
In other cases, the collaboration of local communities in management strategies and monitoring of invasive species has 
been very effective in developed countries, since invasive species are considered an increasing threat for the sustainable 
development. In the US, a group of people participated in sampling and monitoring of the cover of invasive grasses 
(Dangles et al. 2010). The National Institute of Invasive Species Science (NIISS www.niiss.org) has developed a national 
program considering citizen participation for the invasive species (Crall et al. 2010). Although some initiatives have 
emerged for invasive species management in some undeveloped countries, it is necessary to find an effective tool to face 
this problem (Dangles et al. 2010). 
The invasion of the lionfish (Pterois volitans/miles) represents one of the few cases of a successful introduction of a 
marine fish (Whitfield et al. 2002). After more than 30 years, this fish originated from the Indo-Pacific, has invaded the 
Wider Caribbean region (Schofield 2010). In the Gulf of Mexico, the lionfish was first detected in late 2009 when a lobster 
fisherman caught one (13.7 cm TL) in a reef shoal known as “Pacharela” (Aguilar-Perera and Tuz-Sulub 2010). This 
lionfish capture was done at 58 km northeast to the Alacranes Reef National Park, which is located 130 km off the northern 
coast of the Yucatan Peninsula. The implication of this finding is that there is high probability that this fish is established in 
the Gulf of Mexico. However, there is not any previous baseline reference in order to determine the lionfish invasion level. 
A viable alternative to determine the presence of lionfish, and aspects of its invasion, stems in counting on the diver-
fishermen´s voluntary participation. This alternative may be vital in order to detect and quantify the lionfish abundance 
since the diver-fishermen transit the reefs on a daily basis. These people could provide valuable information on sightings 
and even catch lionfish. The objective of this work is to determine the invasion level of lionfish (Pterois volitans/miles) in 
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the Alacranes Reef National Park based on voluntary 
participation of lobster diver-fishermen. 
 
MATERIALS AND METHODS 
Study Area 
Alacranes reef is located in the Southern Gulf of 
Mexico 135 km off the northern Yucatan Peninsula (Figure 
1, Liceaga-Correa and Hernández-Núñez 2000) and is 
composed by five keys: Isla Pérez, Isla Desertora (alsk 
known as Isla Muertos), Isla Pájaros (also known as 
Larga), Isla Chica (also known Cornezuelos o Blanca) and 
Isla Desterrada. The periphery of Alacranes Reef is 
surrounded by reef growth that acquires different shapes 
according to the ubication in relation to wave exposure. 
Thus, at least three major areas can be recognized: leeward 
(sotavento) which is located at the east side, windward 
(barlovento) which is located at the western side and the 
reef lagoon which is located at the center of the reef 
complex (Colás-Marrufo et al. 2002). Alacranes is a very 
important area due to its biodiversity and its commercial 
component based primarily on lobster fishing (Ríos-Lara et 
al. 2007) and it was declared as the Alacranes Reef 
National Park in 1994 (CONANP). This work had three 
phases: 
 
Sensibilization to the community of lobster diver-fishermen 
— Previously at the beginning of the lobster fishing season 
(July 2010-February 2011), we invited the local fishing 
community to participate in the lionfish fishing. We 
organized workshops for community participation where 
we provided three main components:  
i) Information on the lionfish biology and ecology - 
We used audiovisual material for providing the 
fishermen with information on the morphology 
and basic biology of lionfish.Additionally, we 
provided information on the chronology of the 
lionfish invasion off the US coast and the 
Caribbean.  
ii) Instructions to elaborate a logbook - We provided 
a basic procedure to be followed by each lobster 
diver-fishermen on a voluntary basis in order to 
fill up basic data related to each lionfish collec-
tion. And 
iii) Special care during lionfish collections - In order 
to avoid any accident by lionfish spines puncture 
in the fishermen during collections, we provided 
the fishermen information on the lionfish spines 
characteristics, venom type and first aid measures. 
We explained the fishermen on how to keep 
lionfish properly frozen and labeled. Then, we 
gave them instruction on how to contact us when 
they arrived to ports. 
 
Database 
We elaborated a database with the collection number 
by location according to the lionfish received from the 
fishermen. Eventually, we analyzed the database and used 
the classification previously created by NOAA for the 
Florida Keys National Marine Sanctuary (Morris and 
Whitfield 2009) (Table 1) to identify the invasion level in 
the Alacranes Reef National Park. 
 
Geo-reference of collections — We used the geographic 
coordinates to build a distribution map based on fishermen 
collections for the Alacranes Reef National Park using 
ARC MAP 9.1. We determined the total and relative 
abundance of lionfish according to area (Leeward, 
Windward and reef lagoon) and analyzed the lionfish size 
(mm, in total, length).  
 
Data Analysis 
i) For phase 1, we analyzed the responses from local 
fishermen and the percentage of each response in 
order to determine how many fishermen partici-
pated in the lionfish captures. 
Figure 1.  Map showing the geographic location of the Alacranes Reef National Park off the northern 
coast of the Yucatan Peninsula. 
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ii) For phase 2, we analyzed and compared the 
lionfish collection sites according to zones 
(leeward, windward and reef lagoon) and the 
lionfish life cycle phase (adult/juvenile).  This 
latter considering that sexual maturation in 
lionfish begins around 15 cm in total length for 
both sexes approximately (Morris 2009). Size-
frequency was determined according to zone, 
depth and life cycle phase.  In the laboratory, we 
measured lionfish to the nearest millimeter using 
calipers. Additionally, we weighed lionfish, 
removed stomach contents, removed tissue and 
otoliths. These latter items (tissue, otolith and 
stomach contents) will be analyzed elsewhere. 
 
RESULTS 
Diver-fishermen collected a total of 258 lionfish 
voluntarily during the lobster-fishing season (July 2010 - 
February 2011).  At least, 128 were categorized as adults 
(> 15 cm TL) and 130 were juveniles (<15 cm TL) (Figure 
2).  In the leeward (east side) zone there were 20 lionfish 
captured (10 adults, 10 juveniles) and 16 on the windward 
(western side) zone (10 adults, 6 juveniles).  The vast 
majority of lionfish were caught on the reef lagoon (222 
fish, 108 adults and 115 juveniles) (Figure 3).  
Chronologically, lionfish captures by diver-fishermen 
showed that during October more lionfish were obtained (n 
= 97), followed by November (n = 37), December (n = 39), 
January (n = 18) and February (n = 14) (Figure 4).  
Lionfish showed a size range of 131 - 150 mm TL in the 
reef lagoon and the leeward zone, while the windward zone 
showed a size range of 151 - 170 mm TL. The maximum 
size showed by a lionfish was 290 mm in TL (Figure 5). 
According to depth, lionfish were captured on a range 
between 1 to 5 m deep for the reef lagoon same depth 
range in leeward and 5 to 10 m deep in the windward zone 
(Figure 6). 
At least 31 diver-fishermen were actively collaborating 
with us in catching lionfish in the Alacranes Reef National 
Park. These fishermen were working onboard at least seven 
fishing vessels of the lobstar fleet. The contribution of each 
vessel can be seen in the Figure 7). 
 
 
Table 1.  Invasion categories established by the National 
Oceanic and Atmospheric Administration (NOAA) for the 
Florida Keys National Marine Sanctuary (Morris and 
Whitfield 2009). 
Initial Less than 25 confirmed reports per year 
Early More than 25 confirmed reports per year 
abundance low (1 individual per report) 
Intermediate More than 200 confirmed reports per year, 
abundance high (more than 1 individual per 
report) 
Advanced More than 200 confirmed reports per year, 
evidence from resource protection strategies 
indicate control strategies are no longer efficient 
Figure 2.  Lionfish distribution and abundance according to 
life cycle (adult, juvenile) and reef zone (leeward, windward, 
reef lagoon).  
Figure 4.  Chronological catch of lionfish by diver-fishermen 
(by reef zone) in the Alacranes Reef National Park.  
Figure 3.  Map showing the lionfish distribution 
and abundance based on collections done by 
diver-fishermen in the Alacranes Reef National 
Park. The size of the circle indicated abundance.  
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DISCUSSION 
Diver-fishermen provided reliable data on the lionfish 
invasion in the Alacranes Reef National Park (ARNP).  In 
less than a year, at least 258 lionfish were captured in this 
marine protected area. Fishermen collaborated on a 
voluntarily basis when they had no conflicts on dedicating 
time to catching lionfish vs. catching lobster. The current 
scenario in the ARNP could be even worse since 258 
lionfish were collected sporadically, we mean that 
fishermen were not strictly finding lionfish, but they 
caught these fish when they had the chance to do it. 
Consequently, the abundance of lionfish in ARNP could be 
higher. Based on the categories for the lionfish invasion 
established by NOAA for the Florida National Marine 
Fishery Sanctuary (Morris and Whitfield 2009), 258 
lionfish captured in ARNP could be categorized in the 
phase of intermediate/advanced.  The scenario in ARNP is 
of concern and urgently needs more attention from 
managers. Fishermen are responding positively to the 
invitation we made; however, it is necessary to establish a 
monitoring protocol. 
In the ARNP, the vast majority of lionfish was found 
in shallower areas of the reef lagoon. This reflects the diver
-fishermen decision for searching lobsters in shallow areas 
within the reef lagoon in the ARNP. During July, the 
lobster fishing season started and fishermen began fishing 
on the northern, shallower areas in the ARNP through skin 
diving only; this latter explains why lionfish were found in 
shallower (less than 5 m) areas. This implies that the sites 
where fishermen found lionfish are typically lobster areas 
where fishermen work. This situation is of concern, since it 
could be possible that lionfish could impact the lobster 
fishery at some point. However, there is not any evidence 
that lionfish are eating lobster juveniles yet. 
The maximum size for lionfish recorded in ARNP is 
lower compared to that from the North Carolina´s coast 
(Whitfield et al. 2002). There were a substantial amount of 
juveniles; based on the criteria that 15 cm in total length is 
the maturity size (Morris 2009). However, there is not any 
reproductive biology study from ARNP currently availa-
ble. However, the lionfish caught by fishermen in ARNP 
are barely adults. This could imply the lionfish on ARNP 
is just beginning.  Consequently, this study could set the 
baseline for eventual studies and used as point of reference 
in terms of the lionfish invasion in the Southern Gulf of 
Mexico 
How the lionfish could arrive to ARNP? Working with 
diver-fishermen was important to elucidate the presence of 
lionfish in ARNP. However, more importantly is that diver
-fishermen claim they had never seen lionfish before 2009 
in ARNP. This result, combined with the presence of 
lionfish 50 km to the west ARNP (Aguilar-Perera and Tuz-
Sulub 2010) and the marine current directions in the area 
(Ochoa et al. 2001), there is a high probability that lionfish 
are coming from the Caribbean sea through the Yucatan 
Channel. However, it is necessary to conduct molecular 
Figure 5. Lionfish size-frequency according to life cycle 
(adult/juvenile) and reef zone in the Alacranes Reef 
National Park.  
Figure 6. Depth range where diver-fishermen captured 
lionfish in the Alacranes Reef National Park.  
Figure 7. Contribution of lionfish captures per lobster 
fishing vessel in the Alacranes Reef National Park  
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studies in order to have more conclusive evidence on this.  
The relatively very fast establishment of the lionfish in the 
ARNP could be due in part to the availability of feeding 
resources for lionfish, its generalized diet, and by its 
reproductive strategies. 
The participation of fishermen on this work showed 
that the contribution of people living on a daily basis on 
the marine ecosystem could be a viable alternative for 
studies dealing with management and conservation. Due to 
the fishermen’s familiarity with all areas and zones of 
ARNP, fishermen had no problem in order to “map” the 
location of lionfish. The fishermen’s willingness to 
participate could be due to a combination of concerns 
about the potential effects lionfish may have on the lobster 
fishery and a decisive collaboration with us. However, 
since this link with fishermen was on a voluntarily basis, 
the lionfish invasion scenario pictured from this work 
could be just a pale perspective far from the real scenario 
in terms of the severity of the invasion.  
An alternative to obtain a major collaboration from 
fishermen in terms of lionfish captures, it could be related 
to finding ways the fishermen get more incentives. It is 
possible this fish could be used in terms of consumption 
for humans. In other areas of the Wider Caribbean, such as 
The Bahamas, the lionfish is considered for human 
consumption, and lionfish are viable to be eaten (Morris et 
al. 2011). 
The collaboration of local communities for obtaining 
data could be valuable for scientific research. This 
initiative can integrate the local community within the 
establishment of conservation and management strategies 
for monitoring the lionfish invasion in ARNP and, at the 
same time, it could be a link to find new alternatives for 
revenue of fishermen through the potential commercializa-
tion of lionfish meat for human consumption and the 
whole fish body for local handcrafts. 
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